This study was conducted to identify the anti-melanogenesis constituents from a seaweed Dictyota coriacea (Holmes). Three known compounds, viz. 1,9-dihydroxycrenulide (1), epiloliolide (2) and D-mannitol (3), were isolated from the ethanol extract. The melanin synthesis inhibition activities were evaluated using B16F10 melanoma cells for the isolates. Compared with the positive control, arbutin, compounds 1 and 2 exhibited more potency, showing 27.8 and 22.6 % inhibition activities at a substrate concentration of 30 μg/mL. Our studies also indicate that these compounds are not cytotoxic. Hence, they might prove to be useful therapeutic agents for treating hyperpigmentation and effective components of whitening cosmetics.
Melanin, a polymeric pigment, is ubiquitous in nature. Melanin can absorb ultraviolet (UV) radiation and transform the energy into heat. Therefore, it plays a crucial role in protecting the skin from destructive UV radiation. However, the excess production of melanin in the skin can cause hyperpigmentation disorders such as freckles and aging spots [1a,b] . For the treatment of disorders caused by excessive melanin synthesis, chemicals such as arbutin, kojic acid, hydroquinone, azelaic acid and its derivatives are being used [1c] . However, these melanin synthesis inhibitors are associated with low activities and/or cell toxicities [2, 3] . Hence, it is of interest to search for natural products possessing depigment activities without causing side effects [4a] . While much of the efforts so far have been focused on terrestrial plants, marine plants have rarely been investigated.
In continuation of our chemical and biological studies on marine plants growing in Jeju Island [4b], we found that the ethanol extract prepared from the seaweed Dictyota coriacea has significant melanin synthesis inhibition activities [5] . As shown in Figure 1A , the crude aq. ethanol extract showed inhibitory activities on melanin synthesis in a dose-dependent manner. Compared with arbutin, the extract exhibited more potent anti-melanogenesis activities. For example, using a concentration of 100 μg/mL, the extract exhibited 52% inhibition, whereas arbutin showed 35% inhibition. In order to identify its chemical constituents, the ethanol extract of D. coriacea was fractionated and subjected to chromatographic purifications. Through these procedures, dihydroxycrenulide (1) [6] , epiloliolide (2) [7] and D-mannitol (3) [8] were isolated and their chemical structures were elucidated. All of these compounds (1-3) were isolated for the first time from D. coriacea.
To investigate the anti-melanogenesis effects, B16F10 melanoma cells were used with various concentrations of 1,9-dihydroxycrenulide (1) and epiloliolide (2) . Arbutin was used as a positive control. As shown in Figure 2 , the isolates 1 and 2 showed remarkable depigmenting effect in a dose dependent manner. At concentrations of 30 μg/mL, the lactones 1 and 2 decreased the melanin content by 27.8 and 22.6 %, respectively, while the melanin content value of the reference compound, arbutin, was 50 μg/mL. When selecting skin-lightening compounds for cosmetic formulations, one of the important points is that they should have minimal effects on melanocyte cell proliferation. Thus, the proliferation of the cells treated with compounds 1 and 2 for 3 days was evaluated with the MTT assay. 1,9-Dihydroxycrenulide (1) and epiloliolide (2) showed little inhibitory effects on the cell proliferation at the tested concentrations (10-40 μg/mL). This suggests that the inhibitory effects of the isolates 1 and 2 on melanin production were not associated with their cell toxicity ( Figure 1B) .
In this study, in an effort to develop a safe and effective skinwhitening agent, we screened marine plant extracts. We found that D. coriacea has strong anti-melanogenic activity. Through extensive fractionations, the active compounds were isolated and identified as 1,9-dihydroxycrenulide (1) and epiloliolide (2) . At concentrations of 40 μg /mL of the lactones 1 and 2, the melanin contents of the B16F10 melanoma cells were reduced by almost 50% compared with the untreated control without causing cell toxicities. This result suggests that the isolates 1 and 2can be safe skin-lightening agent candidates without influencing melanocyte growth.
Experimental
Plant material: Dictyota coriacea (Holmes) was collected from the coasts of Jeju Island in January 2005, and verified by Dr. Wook Jae Lee at Jeju Technopark (JTP). A voucher specimen (AP-043) was deposited at the Extract bank of the Bio-Conversion Center in JTP, Jeju, Korea.
Extraction and isolation:
The samples were washed 3 times with water to remove any salt, epiphytes, and sand attached to the surface. They were dried at 60 o C for 24 h in an oven, and pulverized in a grinder prior to extraction. The dried powder (400 g) was extracted with 70% aqueous ethanol with stirring for 2 days at room temperature. The filtrate was concentrated under reduced pressure. The extract (65.4 g) was suspended in water (1.0 L), and successively partitioned into n-hexane (14.1 g), methylene chloride (0.9 g), ethyl acetate (0.1 g), n-butanol (2.2 g) and water (43.5 g) fractions.
The methylene chloride fraction (870 mg) was subjected to VLC over silica gel eluting with stepwise gradient solvents of n-Hex/EtOAc (0 -100%) and EtOAc/MeOH (0 -100%). A total of 7 fractions were collected (DM-I to DM-VII). The first fraction (DM-I) was recrystallized to provide compound 3 (19.3 mg). Fraction DM-II was chromatographed over silica gel using n-Hex/EtOAc (2/1) to provide 23 subfractions, and the second subfraction (DM-II-2) afforded compound 1 (6.1 mg). By silica gel CC with CH 2 Cl 2 /Me 2 CO (9/2) using the fraction DM-V, compound 2 (9.1 mg) was obtained.
Cell viability assay by MTT:
The B16F10 melanoma cells (mouse melanoma cells) were obtained from the ATCC and cultured in DMEM supplemented with 10%, v/v, heat-activated FBS, 1% antibiotic-antimycotic in a 5% CO 2 humidified atmosphere incubator at 37 o C. The cell viability assay activity on B16F10 was measured as described previously with some modifications [9, 10] . B16F10 melanoma cells were seeded in a 24-well plate at a density of 2 × 10 4 cells/well. After 24 h incubation under a 5% CO 2 humidified atmosphere incubator at 37 o C, the cells were treated with various concentrations (12.5, 25, 50 and 100 μg/mL) of the sample for 72 h. Then, the medium was removed and replaced by adding 200 μL of MTT solution (2 mg/mL). The absorbance was measured at 570 nm using a microplate reader.
Measurement of melanin contents:
The melanogenesis inhibitory activity was measured as described previously with some modifications [9, 10] . B16F10 melanoma cells were seeded in a 24-well plate at a density of 2 × 10 4 cells/well and were allowed to attach for 24 h in a 5% CO 2 humidified atmosphere incubator at 37 o C. Then, the cells were incubated in a fresh medium containing various concentrations (12.5, 25, 50 and 100 μg/mL) of the samples adding α-MSH for 3 days. Then, the remaining medium was removed and the plate washed with PBS 2 times. The cells were harvested by trypsinization. The harvested cells were centrifuged and then solubilized by 100 μL of 1 N NaOH at 56 o C for 30 min to dissolve the melanins. The relative quantity of intracellular melanin was estimated by the absorbance at 405 nm measured using a microplate reader. The results are expressed as the extent of stimulation compared with the control conditions. Arbutin was used as a positive control.
Statistical analysis:
Means ± S.E.M. of the data were calculated; statistical analysis of the results was performed by Student's t-test for independent samples. Values of P<0.05 were considered significant.
